institution. 26 The present study includes 21 patients, all evaluated and treated at our institution, and elaborates on the earlier series to add to the general fund of knowledge, directly comparing presentation, management, and outcome which was not possible among the individual case reports presented by various other authors. We present an expanded evaluation of pseudogout mass lesions of the CVJ and a review of the relevant literature.
Clinical Material and Methods
A retrospective analysis of medical records and radiographs was performed using the University of Iowa Neurosurgery patient database, operative reports, and tumor registry. The inclusion criterion was a histopathological study consistent with a diagnosis of pseudogout (as described above) in the region of the CVJ. Twenty-one such patients were identified.
Results

Patient Characteristics
The mean age of the included patients was 70.3 years (range 49-86 years) with a male/female ratio of 9:12. The mean symptom duration prior to presentation was 17.5 months (range 1-120 months); the most common symptom was pain. Thirteen patients reported numbness or paresthesias. Three patients had dysphagia; however no dysarthria was seen on presentation. The most common clinical signs were hyperactive reflexes and gait abnormalities. Lower CN deficits were seen in 29% of patients. One patient presented with central cord syndrome (Tables 1 and 2 ).
All but 2 lesions were located in the ventral CMJ and were primarily retroodontoid; the remaining 2 masses originated more laterally in the foramen magnum and involved the lateral mass of C-2.
Diagnostic Studies
Dynamic studies in the flexed and extended position were made preoperatively in the midsagittal plane in all patients according to our protocol since 1977. Prior to the advent of MR imaging (1984) , pluridirectional polytomography was performed in the midline plane with flexionextension views, sometimes supplemented with CT mye-
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lography. Prior to 1990, dorsal fixation was performed as a separate procedure 1 week after the ventral operation. During the week between surgeries, the stability of the CVJ was again assessed with dynamic studies to define the necessity of fixation. Cervical spine CT and MR imaging were the diagnostic modalities of choice. Computed tomography was used to confirm the retroodontoid soft-tissue mass in all cases. Partial or nonhomogeneous calcifications in either the mass or the transverse ligament were seen in every case. Magnetic resonance imaging was used to elucidate the retroodontoid mass as well as the space-occupying effect on the spinal cord. The mass was predominantly hypointense on both T1-and T2-weighted sequences. Gadolinium was administered in 4 patients, and enhancement was noted at the margins of 2 of the masses.
Operative Procedure
Nineteen patients underwent surgical exploration of an extradural, retroodontoid mass via a standard transoraltranspalatopharyngeal resection performed by the senior author. The other 2 patients had more laterally situated masses and underwent exploration of the lamina at C-2; one of these patients underwent C1-2 fusion and instrumentation. The transoral-transpalatopharyngeal approach is described in detail elsewhere. 15, 18 Briefly, induction of general anesthesia is followed by intraoral placement of the Dingman self-retaining retractor, which allows ample exposure to the soft palate. A midline incision is made in the soft palate, followed by one in the posterior pharyngeal midline raphe. Magnification provided by the operating microscope is introduced, and the prevertebral fascia and longus colli musculature are mobilized laterally and the anterior inferior clivus, anterior arch of the atlas, and axis vertebra are visualized. The anterior arch of the atlas and the odontoid process are then removed using a high-speed drill, allowing visualization of the retroodontoid space. At this point the mass lesion of CPPD is encountered-typically brownish-yellow and gritty. The mass may in some cases be incorporated within the substance of the tectorial membrane, which must then be opened to permit complete resection. Ensuring that the integrity of the dura mater is preserved, the wound is then copiously irrigated and closed in multiple layers. The stability of the CVJ is assessed intraoperatively with attempts at distraction and lateral displacement at the end of resection. 25 Dorsal fusion was not deemed necessary in 3 patients. These patients were followed up with CT and dynamic motion MR imaging to assess stability.
Postoperative Outcome
Gross-total resection was achieved in all 21 patients. Follow-up radiographic examination showed no residual mass in 18 patients; 3 patients were lost to follow-up and did not undergo postoperative imaging. Cervical fusion due to instability was necessary in 17 patients. Two patients had lumbar drains placed intraoperatively, but before resection. Drain placement was prophylactic in case there was dural violation by the mass or caused iatrogenically. The drains were removed at the end of the procedure according to our protocol.
Clinical examination at discharge showed that in 15 patients the symptoms had improved, in 1 they had worsened, and in 5 they remained unchanged. There were no new CN deficits in any patient on discharge. The mean follow-up duration was 14.9 months, and 3 patients were lost to follow-up; no deaths were reported. At the last clinical visit, relative to the preoperative examination, 18 patients had either continued to improve or had complete resolution of symptoms, 2 patients were unchanged, and 1 patient had worsened. Three patients failed to attend follow-up in the long-term (Table 3) . The most common symptom on presentation was neck pain. Sixteen of 18 patients with preoperative neck pain or headache had resolution of their symptoms at discharge, and there was no recurrence of pain at the last follow-up.
Eight of 10 patients with preoperative motor weakness had improvement at discharge. One with generalized weakness continued to have weakness at discharge in addition to gait instability, both of which had improved at the last follow-up. The other patient who presented with preoperative left hemiparesis and ataxia became weaker postsurgically with 0/5 motor strength in bilateral lower extremities. He developed respiratory distress postsurgery leading to prolonged pneumonia, which contributed to the development of a small palatal wound dehiscence that required intraoperative repair 1 month after surgery. This patient ultimately required a tracheostomy because he could not be weaned off of the ventilator. He continued his care at another institution.
All 7 patients with preoperative upper-extremity paresthesias or dysesthesias and 6 of 8 with subjective numbness had improvement or resolution of symptoms on discharge. One patient with chronic headaches, bilateral upper-extremity dysesthesias, and gait instability had improvement on discharge; subsequent follow-up revealed new right-sided paresthesias without motor deficits. Because no compressive lesion or instability was visualized on repeated imaging, these findings were attributed to cervical spondylosis, and the patient was referred to the pain service for treatment.
The only lower CN deficit noted on presentation in any patient was a decreased gag reflex. Six patients presented with a decreased gag reflex, with only 3 of these patients complaining of dysphagia on presentation. At the last follow-up visit, 5 patients had resolution of CN deficits, while 1 reported continued dysphagia.
Complications occurred in 6 patients; 2 complications were directly related to the surgical procedure. 
Illustrative Cases
Case 1
History and Examination. This 68-year-old man with a history of hypertension, coronary artery disease, and osteoarthritis had suffered chronic neck pain and left arm weakness for 1 year. Magnetic resonance images obtained in April 2004 revealed a retroodontoid mass and cervical canal stenosis at C5-6. The patient underwent a dorsal cervical decompression and foraminotomy at C5-6 at another institution, and postoperatively felt that his left arm symptoms had improved. He presented to our institution in February 2005 with a 2-month history of headache, pain in his shoulders, and difficulty walking. The pain was worse on flexion and extension of his neck. He denied numbness, difficulty using his hands, dysphagia or dysarthria, or bowel and bladder complaints. Physical examination revealed ataxia and a positive Romberg sign. His gag reflex was intact, and the remainder of his neurological examination was normal.
Neuroimaging. On CT myelography studies obtained in April 2004, a retroodontoid mass with prominence to the right without calcification was shown. Magnetic resonance imaging studies obtained at that time showed a retroodontoid mass compressing the CMJ and upper cervical spinal cord, as well as an hourglass constriction of the cervical canal and subarachnoid space at C5-6. An MR image obtained in the patient in January 2005 showed a retroodontoid mass with a significant component to the right of the midline compressing the CMJ and upper cervical cord. A CT scan obtained in May 2005 revealed a 1.0 ϫ 1.3 ϫ 3.0-cm retroodontoid mass with punctate calcifications and a resulting canal diameter of 6-mm anteroposteriorly (Fig. 1) .
Operation. The patient underwent transoral-transpharyngeal resection of the mass followed by fusion of the dorsal occiput to C-2. Intraoperatively, the lesion was found to be soft and tannish-white to yellow in appearance and consistency. Microscopic analysis demonstrated fibrous connective tissue with rare polarizable structures and foci of degeneration on the frozen section and subsequently obtained permanent specimen.
Postoperative Course. The patient fared extremely well during his hospitalization. On discharge, his cervical discomfort had improved and he was ambulatory. At the 14-month follow-up, his symptoms had resolved.
Case 2
History and Examination. This 75-year-old woman with a history of diabetes, hypertension, aortic insufficiency, and osteoarthritis suffered from progressively worsening headaches, unsteady gait, and difficulty with balance over a 9-month period. When the falls became increasingly frequent, she presented to our institution in May 2005. On direct questioning she admitted to having swallowing dificulties, with solids more than liquids. She had no complaints of weakness, paresthesias, difficulty using her hands, dysarthria, or bowel and bladder function. She admitted snoring. Physical examination revealed an absent gag response bilaterally, hyperreflexia in the upper extremities, ataxia, and a positive Romberg sign; the remainder of her neurological examination was normal.
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Operation. The patient underwent transoral-transpharyngeal resection of the mass followed by fusion of the dorsal occiput to C-2. Intraoperatively the retroodontoid mass and cruciate ligament were noted to have a tannish-white appearance and an irregular soft consistency. Microscopic analysis revealed fragments of fibrocartilage with myxoid changes, foci of reactive connective tissue, and a focus of polarizable calcium pyrophosphate crystals.
Postoperative Course. The patient fared well during hospitalization, with improved walking on discharge. At the 12-month follow-up examination, her headaches had resolved and her gag reflex returned.
Case 3
History and Examination. This 86-year-old man with a history of multiple previous cervical foraminotomies for spinal stenosis, had been experiencing gradually progressive upper-extremity weakness and numbness over several months, as well as headaches, unsteady gait, and increasingly frequent falls prior to presentation. Physical examination confirmed these findings, with hyperreflexia in the upper extremities, ataxia, and a positive Romberg sign.
Neuroimaging. Magnetic resonance imaging performed in September 2006 revealed ventral indentation into the medulla arising from behind the odontoid process, causing a severe mass effect on the cervicomedullary junction. A syrinx extending from C-5 distally was also noted (Fig. 3) . A CT scan obtained in September 2006 showed a partially calcified soft-tissue mass posterior to the odontoid exerting significant mass effect on the spinal cord.
Operation. The patient underwent transoral-transpalatopharyngeal resection of the mass followed by dorsal occiput to C-2 fusion. Intraoperatively, the lesion appeared irregular in consistency. Confocal microscopy revealed a focus of polarizable calcium pyrophosphate crystals.
Postoperative Course. The patient fared well during his hospitalization, and was transferred to a physical therapy facility before returning home. His gait and headaches improved.
Discussion
The exact prevalence of CPPD deposition disease is unknown but it probably increases with age and has been estimated to reach a rate of 45% among people 85 years of age and older; in the overall population it has a frequency of 1 case per 1000 persons. 3 Deposition of CPPD crystals in the small joints and intervertebral discs of the spine was documented in a large autopsy series that consisted of more than 1000 spines. 19 Involvement of the periodontoid joint tissues by CPPD deposition was first demonstrated in a study from the pre-MR imaging era in which 27 neurologically asymptomatic patients with probable or definite CPPD deposition disease underwent x-ray polytomography of the CVJ. Calcification in the syndesmoid-odontoid region was found in 12 of these cases, suggesting a high incidence of subclinical periodontoid involvement in CPPD deposition disease. 5 Cervical myelopathy due to CPPD deposition disease has been reported to occur primarily in elderly women. In their review, Fye and colleagues 8 reported that women with a mean age of 71.4 years constituted 80% of the patient population, but only two presented with pseudogout at the CVJ. In the present study of 21 patients, on the other hand, there was a slight female predominance (male/female ratio of 9:12), in line with the slightly higher incidence in women of 1.4:1 reported in the literature. 20 We contend that ventral compression at the foramen magnum causing neurological disease has little if any sexual predilection, and probably arises independently of systemic comorbidities that are known to have a higher incidence in women, such as rheumatoid arthritis. 8 In addition, the mean duration of symptoms before presentation was 17.5 months in our series compared to the 7.7 months' duration given by Fye et al. 8 This difference may be indicative of its location: the region of the foramen magnum has a larger epidural space to permit sizeable masses to grow before symptoms develop, unlike the confines of the spinal canal in the lower cervical areas.
Radiographic Findings
Radiological imaging characteristics were recently described by Kakitsubata et al. 13 in a study of 9 patients with histologically proven pseudogout in and around the atlantoaxial joint. Conventional radiography and transverse CT scanning revealed calcification behind the odontoid process in all 9 patients. A pattern of either curvilinear, stippled, or mixed calcification was described. Magnetic resonance imaging performed in 6 patients showed that the transverse ligament was of intermediate signal intensity on both T1-weighted spin echo images and fast spin echo intermediate-weighted images and was of low signal intensity on T2-weighted spin echo images. 13 Portions of the transverse ligament with CPPD crystal deposits demonstrated low signal intensity on T1-weighted spin echo images. Magnetic resonance images were able to demonstrate a retroodontoid mass clearly, and the signal intensity was relatively low compared with that of marrow on T1-and T2-weighted images in 5 cases and high on T2-weighted images in one case. Rim enhancement around the mass was observed in the 2 cases with Gd administration.
In accordance with the findings of Kakitsubata et al.,
13
CT examination revealed calcifications in either the mass or the ligaments in all 21 patients in our series. When performed, MR imaging also revealed the retroodontoid mass to be predominately hypointense on T1-and T2-weighted images; in 2 patients there was rim enhancement with Gd. Therefore, we conclude that the diagnosis of periodontoid CPPD deposition disease should be strongly considered within the preoperative differential diagnosis when CT studies demonstrate small areas of calcification within the retroodontoid mass or ligaments and the MR appearance of the lesion matches the one described above.
Histological Findings
Because the crystals are easily missed on histological examination or can be lost if the specimen is subjected to harsh conditions during histological processing, the neuropathologist should be informed of the diagnostic possibility of CPPD deposition disease at the time the operative specimen is obtained. unstained frozen tissue sections with polarized light microscopy may aid in establishing the correct diagnosis in such cases and is a useful adjunct to standard H & E investigations. 26 It is otherwise labeled as "ligamentous hypertrophy," and the diagnosis is incorrect.
Calcium pyrophosphate dihydrate crystals are often deposited in a fibrocartilaginous matrix and may be situated around and within the transverse ligament. Resection of such cartilaginous material during surgery and submission for frozen section analysis may reveal only cartilage if the surgeon does not ask for a polarized light microscopic examination. Conversely, if the surgeon suspects pseudogout, meticulous dissection around the ligament should reveal the typical brownish-yellow mass characteristic of CPPD. The diagnosis of fibrocartilage alone at the C1-2 junction is normally not anatomically feasible, given the lack of an intervertebral disc, and as such should raise suspicion of CPPD deposition. These findings were shared by Greisdale and colleagues 10 who observed CPPD crystals deposited in a fibrocartilaginous matrix on histological examination of the surgical mass, and by Ishida et al., 12 who observed chondroid metaplasia in and around the areas of CPPD deposition in 15 patients that could be misdiagnosed as chondrosarcoma or another incorrect pathological entity. Doherty and Dieppe 6 postulated that a transformation of fibroblasts into chondrocytes occurs in the ligamentous tissues followed by production of inorganic pyrophosphate leading to the deposition of CPPD crystal in the collagen or degenerated fibrils. Local mineral deposition results in the death of chondrocytes and thinning of the surrounding cartilage. Crystals are then shed into the joint space where they cause an inflammatory reaction affecting the joint. Eventually the proteoglycans produced in ligamentous structures may aid in the formation of calcified granules. 2, 6, 11 No patients in the present study had calcium pyrophosphate joint abnormalities elsewhere after the operative diagnosis was made.
Surgical Procedure
The senior author (A.H.M.) chose the transoral-transpalatopharyngeal route in all patients who presented with retroodontoid masses. Frempong-Boadu and colleagues 7 recently published a series of 7 patients treated with endoscopically assisted transoral surgery for decompression of high cervical and clival abnormalities, of which only 1 case proved to be a pseudogout granulation mass. These authors maintain that this relatively untested method is safe, obviating the need for extensive soft-palate splitting, hard-palate resection, or extended maxillotomy. Although greater numbers of patients and long-term follow-up are needed to confirm such findings, the standard open transoral procedure is our preferred technique, and in the hands of the senior author, is consistently successful. Palatal splitting, however, is usually unnecessary because the underlying CVJ is anatomically normal.
We performed dorsal occipital to C-2 fusion with titanium loop and autologous bone grafting immediately after ventral transoral decompression in 15 of the 19 patients who underwent the procedure. This second stabilization procedure is implemented when gross instability due to ligamentous laxity and incompetence is visualized at the time of the transoral resection. Since 1990, the ventral transoral decompression has been followed by dorsal craniocervical arthrodesis during the same anesthetic session if deemed necessary. Prior to 1990, the posterior CVJ fixation was done 1 week after the anterior procedure if dynamic neurodiagnostic images dictated instability. This fusion, however, is not mandatory if the integrity of the transverse ligament is preserved. If possible, the senior author leaves intact the rostral half of the anterior arch of C-1 during resection of the odontoid, further adding to stability. Calcium pyrophosphate dihydrate deposition in the ligaments of the craniocervical junction moderates the laxity that can cause instability with aging; this added rigidity confers stability that can delay or even obviate the need for dorsal fusion. In addition, perioperative osteoarthritic changes in the lateral atlantoaxial joints lead to joint rigidity.
Other authors 1,3,10 also choose the transoral-transpharyngeal surgical approach, but without posterior stabilization. One of our patients underwent dorsal occipital-cervical fusion months after his ventral decompression due to return of motor weakness, ataxia, and pain; another patient underwent fusion over 1 year later due to the return of pain with neck flexion. All of his deficits and symptoms improved significantly after fusion.
Gross-total resection was achieved in all 21 patients and felt to be important for success against CPPD disease of the CVJ. Fye et al. 8 present the case of a 77-year-old woman with a 2-week history of progressive quadriparesis, urinary incontinence, and severe neck pain who underwent a laminectomy at C1-2 and partial resection of an incompletely ossified 10-mm retroodontoid mass of CPPD. At the 3-month follow-up examination, she still had neurological deficit, giving further evidence that gross-total resection via the ventral approach yields better results.
In comparing our results to the various case reports described in the literature, it appears that elderly age, gait dysfunction, numbness or paresthesias, and hyperactive reflexes were presentations seen at many institutions. In several studies, 1, 3, 8 however, there was no mention of CN deficits. The most common CN deficit seen in our series was a decrease in gag reflex due to vagal and glossopharyngeal nerve dysfunction, and this symptom might very well have been present in the other cases. Nonetheless, a detailed lower CN examination including evaluation for gag reflex, tongue movement, and taste is imperative when trying to localize symptoms to the CVJ.
Pseudogout or CPPD deposition in the retroodontoid space is unlike the serous bursa joint effusion seen in rheumatoid disease at the CVJ. The active inflammatory serous rheumatoid state at C1-2 responds to stabilization (bracing or fusion), which is different from pseudogout, where there is a large mass that is not fluid or pannus. In the senior author's (A.H.M.) series of 693 transoral transpalatopharyngeal approaches to the ventral CVJ, nearly all patients required dorsal CVJ fixation, the only exceptions being these few patients with pseudogout. 16 
Conclusions
Calcium pyrophosphate dihydrate deposition is a rare cause of retroodontoid mass lesions in elderly individuals. Characteristics of neuroimaging studies can help elucidate the diagnosis; specifically, calcification of the retroodontoid mass or transverse ligament on CT should arouse suspicion of pseudogout. Early gross-total resection via the transoral-transpalatopharyngeal approach is preferred in halting the progression of neurological deterioration. As some stability is conferred by the extensive calcification of the ligaments at the CVJ in CPPD disease, dorsal occipital-cervical fusion is not always mandatory. The surgical pathologist should be notified of the preoperative diagnosis so that the specimen may be handled appropriately to reveal the polarizable rhomboid CPPD crystals.
